Maple is used to compute control laws of strict-feedback nonlinear systems. The stability of the system is also verified by Maple procedures. We show that computer algebra systems can play an important role in nonlinear system design, in research, and education of nonlinear systems.
). However, for some reasons, computer algebra systems are not yet popular in the engineering society. In this paper, we show how computer algebra systems can be successfully used in computing a control law for strict-feedback systems.
The use of computer algebra systems allows researchers and students to save time from tedious and error prone computations and focus on the basic ideas and methods.
Therefore, it is not only important for industrial applications, but also for research and education. Maple is one of the most powerful computer algebra systems in the world. We use Maple to compute control laws of strict-feedback systems. We also use Maple to verify the stability and other behaviors of the systems.
In this paper, Maple procedures are listed and examples are given.
To familiarize the audience in the community of control systems with computer algebra systems is also a goal of this paper.
Back-Stepping for Strict-Feedback Systems
Assume a state vector n x R ∈ , we define nonlinear recursive and strict-feedback systems by the following: 
The recurrence relation (2) can be briefly described by:
, and n is the vector field dimension. The value R u ∈ is the plant input and the new state variable z k is considered the plant output.
The functions f and g in relation (1) can be described by
Assume that for the system, ( ) ( ) The following recursive procedure is used to compute a control law to stabilize the above strict-feedback system [7] . 
The control law can be described:
There are other control laws based on back-stepping. The above control law may not be the best choice for a particular control system with particular design concerns.
However The program can be modified if some application oriented guidelines are
given.
This paper is not for the detailed discussion of the back-stepping method; instead, it is for the computation of the method. From the above formulas one can see that the computation is very tedious and time-consuming.
Computer algebra can be used to compute the control laws.
Maple Procedures
The following is a Maple Procedure for computing the control law of nonlinear strict-feedback systems. The first argument of the procedure is ( ) if n=5 then break fi;sx [6] :=t->rhs(s [6] (t) [2] ): sxi1 [6] :=t->rhs(s [6] (t) [3] ):
if n=6 then break fi;sx [7] :=t->rhs(s [7] (t) [2] ): sxi1 [7] :=t->rhs(s [7] (t) [3] ): if n=7 then break fi;sx [8] :=t->rhs(s [8] (t) [2] ):sxi1 [8] :=t->rhs(s [8] (t) [3] ): if n=8 then break fi;sx [9] :=t->rhs(s [9] (t) [2] ):sxi1 [9] :=t->rhs(s [9] (t) [3] ): if n=9 then break fi;sx [10] :=t->rhs(s [10] (t) [2] ):sxi1 [10] :=t->rhs(s [10] (t) [3] 
Examples
The following examples show that the above procedures work well.
Example 1: Given a dynamical system (see the reference [8] , pp. 592-594) The portrait in Figure 1 demonstrates the global stability of the strict feedback control systems with one level integrator z 1 about the equilibrium point. Now consider the nonlinear system (4) with two integrators z 1 and z 2 . We initiate functions f and g as necessary by (1) . We use the Lyapunov function V to execute the Maple procedure "strict".
a [1] a [2] a [3] Figure 2. a [1] , a [2] ), and a [3] are phase portraits of the nonlinear control system (5) in two levels using back-stepping algorithm. We use functions f and g from the system (7) to be used for Equation (1) 
Conclusions
This paper shows the advantages of computer algebra systems like Maple in computation of nonlinear systems. Maple is successfully used to compute back-stepping control laws of nonlinear strict-feedback systems. The stability of systems with computed control laws is also verified by Maple procedures. As demonstrated by other researchers, computer algebra can be used for computing control laws of other systems with backstepping. In general, it can be used to solve computation problems in science and engineering.
